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IntroductionIntroduction
Brucellosis, a common zoonotic disease, Brucellosis, a common zoonotic disease, 

is caused by is caused by BrucellaBrucella, a gram negative , a gram negative 
coccobacillus that lacks capsule or flagel-coccobacillus that lacks capsule or flagel-
lea as well as facultative intracellular (1). lea as well as facultative intracellular (1). 
In animals, it is characterized by abortion In animals, it is characterized by abortion 
and reduced fertility, while it has symp-and reduced fertility, while it has symp-
toms such as undulant fever, arthritis and toms such as undulant fever, arthritis and 
osteomyelitis in humans (2). The genus of osteomyelitis in humans (2). The genus of 
BrucellaBrucella consists of more than ten species,  consists of more than ten species, 
although, although, BB. . abortusabortus, , BB. . melitensismelitensis, and , and BB. . 
suissuis cause most of the animal and human  cause most of the animal and human 
diseases. diseases. B. melitensis B. melitensis which mainly in-which mainly in-

fects goats and sheep is considered as the fects goats and sheep is considered as the 
most pathogenic species of most pathogenic species of BrucellaBrucella to hu- to hu-
mans (3).mans (3).

In animals, immunization against In animals, immunization against Bru-Bru-
cella cella infection is usually performed by ad-infection is usually performed by ad-
ministration of the live attenuated smooth ministration of the live attenuated smooth 
BrucellaBrucella strains like  strains like B. abortusB. abortus S19, S19, B.  B. 
melitensismelitensis Rev.1 and non-smooth strain  Rev.1 and non-smooth strain B. B. 
abortus abortus RB51 (4). There, however, exists RB51 (4). There, however, exists 
some limitations regarding the attenuated some limitations regarding the attenuated 
vaccines that include abortion in immu-vaccines that include abortion in immu-
nized pregnant animals, being pathogenic nized pregnant animals, being pathogenic 
for humans, and interfering with the li-for humans, and interfering with the li-
popolysaccharides-based serological tests popolysaccharides-based serological tests 
(5). Till now, there is no commercially (5). Till now, there is no commercially 
available vaccine against human brucello-available vaccine against human brucello-
sis and the disease is commonly prevent-sis and the disease is commonly prevent-
ed by immunization of uninfected animals ed by immunization of uninfected animals 
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Abstract
Brucellosis is a well-known infectious disease among domestic animals caused by Brucella bacterium. OMP25 
is an outer membrane protein of Brucella which plays an important role in immunogenicity of cells. Moreover, 
Brucella Lumazine Synthase (BLS) as another main antigen can be used as an adjuvant when covalently at-
tached to a foreign antigen. In the current study, designing and production of a chimeric construct as a primary 
step to stimulate the immune system against Brucella infection is investigated. The construct was amplified 
by specific primers using SOE-PCR technique. The amplified construct was cloned in pTZ57R/T vector and 
transformed into E. coli TOP10F’ as cloning host. Then, the construct was subcloned in pET-32a (+) vector 
followed by transforming into E. coli BL21 (DE3) as expression host. Our results demonstrated OMP25-BLS 
with 1163 bp was successfully cloned and expressed in the expression host. Results were confirmed using 
sequencing, SDS-PAGE and western blotting which correctly showed 59 KD protein band of OMP25-BLS. 
According to our results this construct could be proposed to investigate as a new subunit vaccine candidate in 
order to stimulate immune system against Brucellosis in future studies.
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and elimination of the infected ones (6). and elimination of the infected ones (6). 
BrucellaBrucella outer membrane proteins (OMPs)  outer membrane proteins (OMPs) 
are specific cell surface antigens having re-are specific cell surface antigens having re-
markable immunogenicity characteristics markable immunogenicity characteristics 
(7). These cell surface antigens are classi-(7). These cell surface antigens are classi-
fied into two main groups consisting of 1) fied into two main groups consisting of 1) 
OMP2a and OMP2b and 2) OMP25 and OMP2a and OMP2b and 2) OMP25 and 
OMP31 (7). OMP25 antigen, as one of the OMP31 (7). OMP25 antigen, as one of the 
virulent factors, is the major antigen in-virulent factors, is the major antigen in-
volved in survival of volved in survival of BrucellaBrucella and found to  and found to 
be highly conserved among different be highly conserved among different Bru-Bru-
cellacella species (8,9).  species (8,9). Brucella Brucella species that species that 
lack OMP25 have shown to be attenuated lack OMP25 have shown to be attenuated 
in cattle (10).in cattle (10).

In addition, it was shown that OMP25 In addition, it was shown that OMP25 
inhibits the production of TNF-α, which is inhibits the production of TNF-α, which is 
an important component of the cytotoxic an important component of the cytotoxic 
immune response in human macrophages immune response in human macrophages 
infected by infected by B. suisB. suis (11). BLS, as another  (11). BLS, as another 
BrucellaBrucella antigen with important immuno- antigen with important immuno-
genic characteristics, is also highly con-genic characteristics, is also highly con-
served among different species (5,9).served among different species (5,9).

BLS has also been found effective as an BLS has also been found effective as an 
adjuvant while linking to a foreign antigen adjuvant while linking to a foreign antigen 
covalently (5). Furthermore, BLS can ac-covalently (5). Furthermore, BLS can ac-
tivate the cellular responses by delivering tivate the cellular responses by delivering 
CD8+ T-cell epitopes into the MHC class CD8+ T-cell epitopes into the MHC class 
I pathway, and eliciting an antigen-specif-I pathway, and eliciting an antigen-specif-
ic response by production of IFN-ϒ (12).ic response by production of IFN-ϒ (12).
The aim of the present study was to design, The aim of the present study was to design, 
clone and the expression analysis of chi-clone and the expression analysis of chi-
meric OMP25-BLS antigen We, therefore, meric OMP25-BLS antigen We, therefore, 
herewith, report a new chimeric construct herewith, report a new chimeric construct 
as a primary step toward introducing new as a primary step toward introducing new 

subunit vaccines in order to stimulate the subunit vaccines in order to stimulate the 
immune system against immune system against BrucellaBrucella infection. infection.

Materials and MethodsMaterials and Methods
Bacterial Strains, Growth Conditions Bacterial Strains, Growth Conditions 

and Isolationand Isolation
In the current study, In the current study, B. melitensisB. melitensis Rev 1  Rev 1 

strain was obtained from the strain was obtained from the B. melitensis B. melitensis 
culture collection of Razi Institute (Mash-culture collection of Razi Institute (Mash-
had, Iran) and cultured, as previously de-had, Iran) and cultured, as previously de-
scribed (13). DNA was extracted using a scribed (13). DNA was extracted using a 
DNA extraction kit (Bioneer Korea). The DNA extraction kit (Bioneer Korea). The 
quality and purity of the extracted DNA quality and purity of the extracted DNA 
were analyzed by agarose gel electropho-were analyzed by agarose gel electropho-
resis and NanoDrop ND-1000 spectropho-resis and NanoDrop ND-1000 spectropho-
tometer (Thermo Scientific, USA).tometer (Thermo Scientific, USA).

Construction of the Chimeric OMP25-Construction of the Chimeric OMP25-
BLS BLS 

The full length of OMP25 (642 bp) and The full length of OMP25 (642 bp) and 
BLS (477 bp) genes were already ampli-BLS (477 bp) genes were already ampli-
fied and cloned in our previous studies fied and cloned in our previous studies 
(Figure 2A) (9,14), and used as template (Figure 2A) (9,14), and used as template 
for amplifying chimeric OMP25-BLS for amplifying chimeric OMP25-BLS 
construct using EX Taq DNA polymerase construct using EX Taq DNA polymerase 
(Takara, Japan). In order to design the con-(Takara, Japan). In order to design the con-
struct, specific primers with 30 bp comple-struct, specific primers with 30 bp comple-
ment linker (15) at the 5’ end of reverse ment linker (15) at the 5’ end of reverse 
primer of OMP25 and the forward primer primer of OMP25 and the forward primer 
of BLS (as indicated in Table 1 by bold let-of BLS (as indicated in Table 1 by bold let-
ters) and the restriction sites at the 5´ end ters) and the restriction sites at the 5´ end 
(as underlined in Table 1) of the forward (as underlined in Table 1) of the forward 
primer of OMP25 and the reverse primer primer of OMP25 and the reverse primer 
of BLS were considered using Primer Pre-of BLS were considered using Primer Pre-
mier 5 software. mier 5 software. 

Gene Primer sequences Restric on enzyme

OMP25
`F:5`- CCATGGCTATGCGCACTCTTC-3 NcoI
`R:5`-TTTAGCCGCTGCTTCTTTTGCCGCAGCTTCGAACTTGTAGCCGATGC -3

BLS
`F:5`-GAAGCTGCGGCAAAAGAAGCAGCGGCTAAAATGAACCAAAGCTGTC-3

`R:5`- GGATCCTTATCAGACAAGCGCGGCGATGCG-3 BamHI

Table 1: The sequence of specific primers with restriction sites
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Polymerase chain reaction (PCR) was Polymerase chain reaction (PCR) was 
carried out by means of the Personal Cy-carried out by means of the Personal Cy-
cler™ thermocycler (Biometra, Germa-cler™ thermocycler (Biometra, Germa-
ny) and the spliced overlap expression by ny) and the spliced overlap expression by 
PCR (SOE-PCR) technique, as described PCR (SOE-PCR) technique, as described 
in our previous study (Figure 1) (16). It in our previous study (Figure 1) (16). It 
contained 2.5μL of 10X PCR buffer, 2μL contained 2.5μL of 10X PCR buffer, 2μL 
of MgClof MgCl22 (50 mM), 2μL of dNTPs (2.5  (50 mM), 2μL of dNTPs (2.5 
pmol/μL), 0.3 μL of OMP25 or BLS con-pmol/μL), 0.3 μL of OMP25 or BLS con-
struct in pTZ57R/T (50 to 100 ng/μL), struct in pTZ57R/T (50 to 100 ng/μL), 
1.5μL of mix primer (5 pmol/μL), 0.125 1.5μL of mix primer (5 pmol/μL), 0.125 
U/μL of EX Taq DNA polymerase and U/μL of EX Taq DNA polymerase and 
deionised water up to 25μL reaction vol-deionised water up to 25μL reaction vol-
ume. The PCR program was performed ume. The PCR program was performed 
with an initial denaturation at 94°C for 6 with an initial denaturation at 94°C for 6 
min, followed by 30 cycles of denatura-min, followed by 30 cycles of denatura-
tion at 94°C for 30 sec, annealing at 62°C tion at 94°C for 30 sec, annealing at 62°C 
for 30 sec, extension at 72°C for 45 sec, for 30 sec, extension at 72°C for 45 sec, 
and a final extension at 72°C for 10 min and a final extension at 72°C for 10 min 
(Figure 1, step I).(Figure 1, step I).

The SOE-PCR step to amplify OMP25-The SOE-PCR step to amplify OMP25-
BLS construct was carried out in 25 cy-BLS construct was carried out in 25 cy-
cles of denaturation for 30 sec at 94˚C, cles of denaturation for 30 sec at 94˚C, 
annealing for 30 sec at 62˚C and exten-annealing for 30 sec at 62˚C and exten-
sion for 45 sec at 72˚C. The initial dena-sion for 45 sec at 72˚C. The initial dena-
turation and final extension were 5 min turation and final extension were 5 min 
at 94˚C and 72˚C, respectively. The mix-at 94˚C and 72˚C, respectively. The mix-
ture of PCR contained 2.5μL of 10X PCR ture of PCR contained 2.5μL of 10X PCR 
buffer, 2μL MgClbuffer, 2μL MgCl22, 2μL of dNTPs, 0.5μL , 2μL of dNTPs, 0.5μL 
of the first PCR reaction mix, 1μL of mix of the first PCR reaction mix, 1μL of mix 
primers (5 pmol/μL), 0.125 U/μL of EX primers (5 pmol/μL), 0.125 U/μL of EX 
Taq DNA polymerase and deionised wa-Taq DNA polymerase and deionised wa-
ter up to 25μL reaction volume (Figure 1, ter up to 25μL reaction volume (Figure 1, 
step II).step II).

Cloning and SubcloningCloning and Subcloning
The PCR products were purified from The PCR products were purified from 

the agarose gel using Ron's Agarose Gel the agarose gel using Ron's Agarose Gel 
Mini Prep Kit protocol, according to the Mini Prep Kit protocol, according to the 
manufacturer’s instructions (BioRon, manufacturer’s instructions (BioRon, 

Germany). And the purified products were Germany). And the purified products were 
ligated into pTZ57R/T cloning vector by ligated into pTZ57R/T cloning vector by 
T/A cloning strategy according to the T/A cloning strategy according to the 
manufacturer’s instructions (Thermo Sci-manufacturer’s instructions (Thermo Sci-
entific, USA). entific, USA). Escherichia coliEscherichia coli TOP10 F`  TOP10 F` 
competent cell preparation and transfor-competent cell preparation and transfor-
mation steps were followed as described mation steps were followed as described 
by Sambrook and Russell (17).by Sambrook and Russell (17).

The recombinant plasmids were trans-The recombinant plasmids were trans-
formed into competent formed into competent E. coli E. coli TOP10 F'. TOP10 F'. 
The recombinant clone(s) and the har-The recombinant clone(s) and the har-
boring plasmid DNA with inserts were boring plasmid DNA with inserts were 
screened based on their ampicillin resist-screened based on their ampicillin resist-
ance. Ampicillin resistant colonies were ance. Ampicillin resistant colonies were 
grown in Luria-Bertani (LB) broth liquid grown in Luria-Bertani (LB) broth liquid 
medium containing 50 μg/ml of ampicil-medium containing 50 μg/ml of ampicil-
lin at 37°C. The fidelity of lin at 37°C. The fidelity of E. coliE. coli TOP10  TOP10 
F' transformants were verified by colo-F' transformants were verified by colo-
ny-PCR using M13 universal primers. ny-PCR using M13 universal primers. 
The recombinant plasmids were purified The recombinant plasmids were purified 
using the Ron`s Plasmid Mini Kit (Bi-using the Ron`s Plasmid Mini Kit (Bi-
oRon, Germany), and confirmed by re-oRon, Germany), and confirmed by re-
striction enzyme digestion. Purified plas-striction enzyme digestion. Purified plas-
mids were then subjected to sequencing mids were then subjected to sequencing 
(Bioneer, South Korea). (Bioneer, South Korea). 

In order to subclone genes into ex-In order to subclone genes into ex-
pression vector, pET-32a(+), purified pression vector, pET-32a(+), purified 
digested products were cloned into the digested products were cloned into the 
expression vector in which the recom-expression vector in which the recom-
binant protein included a six-Histidine binant protein included a six-Histidine 
tag (His-tag) at the N-terminal for easi-tag (His-tag) at the N-terminal for easi-
er purification. Standard techniques for er purification. Standard techniques for 
these steps such as ligation, competent these steps such as ligation, competent 
cell preparation and transformation were cell preparation and transformation were 
followed, as previously described (17). followed, as previously described (17). 
Recombinant vectors were transformed Recombinant vectors were transformed 
into competent into competent E.coliE.coli BL21 (DE3). The  BL21 (DE3). The 
recombinant clone(s) harboring plasmid recombinant clone(s) harboring plasmid 
DNA with inserts were screened based DNA with inserts were screened based 
on their ampicillin resistance. The fidelity on their ampicillin resistance. The fidelity 

Tooba Abbassi-Daloii, Mojtaba Tahmoorespur, Mohammad Hadi Sekhavati

WWW. g3m. ir

D
ow

nl
oa

de
d 

fr
om

 g
3m

.ir
 a

t 9
:5

9 
+

04
30

 o
n 

W
ed

ne
sd

ay
 J

un
e 

28
th

 2
01

7

http://g3m.ir/article-1-1157-en.html


4362

of of E.coliE.coli BL21 (DE3) transformants was  BL21 (DE3) transformants was 
verified by colony-PCR using T7 univer-verified by colony-PCR using T7 univer-
sal primers. Also, recombinant plasmids sal primers. Also, recombinant plasmids 
were confirmed by restriction enzyme di-were confirmed by restriction enzyme di-
gestion and sequencing (Bioneer, South gestion and sequencing (Bioneer, South 
Korea).Korea).

Expression of Chimeric OMP25-BLS Expression of Chimeric OMP25-BLS 
ConstructConstruct

In order to express recombinant pro-In order to express recombinant pro-
teins, the positive pET-32a(+) colonies teins, the positive pET-32a(+) colonies 
were cultured on the LB medium con-were cultured on the LB medium con-
taining ampicillin. Protein synthesis was taining ampicillin. Protein synthesis was 
induced with 0.1 mM isopropyl β-D-thio-induced with 0.1 mM isopropyl β-D-thio-
galactoside (IPTG) in a culture of bacteria galactoside (IPTG) in a culture of bacteria 
with an OD = 0.6. The bacterial culture with an OD = 0.6. The bacterial culture 
was incubated for 5 h at 37°C, and then was incubated for 5 h at 37°C, and then 
harvested by centrifugation (3000 g, 20 harvested by centrifugation (3000 g, 20 
min and 4°C). The pellet from a 300 ml min and 4°C). The pellet from a 300 ml 
bacterial culture was suspended in lysis bacterial culture was suspended in lysis 
buffer (Tris 50 mM, EDTA 5.0 mM, urea buffer (Tris 50 mM, EDTA 5.0 mM, urea 
8.0 M, pH = 8.0) and lysate by sonication 8.0 M, pH = 8.0) and lysate by sonication 
for 10 min with 20s intervals between for 10 min with 20s intervals between 
pulses. Cell lysate was subjected to cen-pulses. Cell lysate was subjected to cen-
trifugation at 9000 g for 15 min at 4°C to trifugation at 9000 g for 15 min at 4°C to 
separate the supernatant containing solu-separate the supernatant containing solu-
ble materials from the pellet. Both the su-ble materials from the pellet. Both the su-
pernatant and the pellet were evaluated on pernatant and the pellet were evaluated on 
SDS-PAGE 10%, and visualized by coo-SDS-PAGE 10%, and visualized by coo-
massie-blue staining so as to analyze the massie-blue staining so as to analyze the 
expression of recombinant proteins. expression of recombinant proteins. 

Purification of the Recombinant Pro-Purification of the Recombinant Pro-
teintein

The expressed protein was purified by The expressed protein was purified by 
chromatography through Ni-agarose from chromatography through Ni-agarose from 
the insoluble phase of lysate using guan-the insoluble phase of lysate using guan-
idine hydrochloride 6 M to dissolve the idine hydrochloride 6 M to dissolve the 
pellet, according to the manufacturer’s pellet, according to the manufacturer’s 
protocol (Thermo Scientific, USA). protocol (Thermo Scientific, USA). 

The quality and identity of the purified The quality and identity of the purified 
recombinant protein were analyzed by the recombinant protein were analyzed by the 
sodium dodecyl sulfate polyacrylamide sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) method gel electrophoresis (SDS-PAGE) method 
and the western blotting assay, respective-and the western blotting assay, respective-
ly. With regard to the western blotting, ly. With regard to the western blotting, 
the SDS-PAGE gel was electroblotted the SDS-PAGE gel was electroblotted 
onto nitrocellulose. The blotted nitrocel-onto nitrocellulose. The blotted nitrocel-
lulose was then blocked with skim milk lulose was then blocked with skim milk 
for 3h. The membrane was washed three for 3h. The membrane was washed three 
times with phosphate buffered saline with times with phosphate buffered saline with 
Tween 20 (PBST; PBS with 0.1% (v/v) Tween 20 (PBST; PBS with 0.1% (v/v) 
Tween) and then anti poly-histidine-HRP Tween) and then anti poly-histidine-HRP 
(Sigma, USA) (1:2000 diluted in BSA (Sigma, USA) (1:2000 diluted in BSA 
1%) was added to it. After 1 h of incu-1%) was added to it. After 1 h of incu-
bation at room temperature and washing bation at room temperature and washing 
four times with PBST, diaminobenzidine four times with PBST, diaminobenzidine 
(DAB), as chromogen, was employed for (DAB), as chromogen, was employed for 
visualization. Finally, the quantity of the visualization. Finally, the quantity of the 
recombinant protein was estimated using recombinant protein was estimated using 
Bradford assay. This assay is based on the Bradford assay. This assay is based on the 
binding of the dye coomassie blue G-250 binding of the dye coomassie blue G-250 
to the protein and measures the optical to the protein and measures the optical 
absorbance at 595 nm wavelength. The absorbance at 595 nm wavelength. The 
purified proteins were stored at -20°C for purified proteins were stored at -20°C for 
further evaluation of immunogenicity and further evaluation of immunogenicity and 
protective efficacy in mice.protective efficacy in mice.

ResultsResults
Amplification, Cloning and Nucleotide Amplification, Cloning and Nucleotide 

Acid Sequencing Acid Sequencing 
Figure 1 shows the chimeric OMP25-Figure 1 shows the chimeric OMP25-

BLS was amplified using SOE-PCR tech-BLS was amplified using SOE-PCR tech-
nique. nique. 

 In our previous study (9), the OMP25  In our previous study (9), the OMP25 
(642 bp) and the BLS (477 bp) genes (642 bp) and the BLS (477 bp) genes 
were amplified and cloned (Figure 2A) were amplified and cloned (Figure 2A) 
and used as the template for amplifying and used as the template for amplifying 
chimeric OMP25-BLS construct. The ac-chimeric OMP25-BLS construct. The ac-
curacy of OMP25-BLS construct with the curacy of OMP25-BLS construct with the 
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length of 1163 bp visualized on agarose length of 1163 bp visualized on agarose 
gel electrophoresis (Figure 2B).gel electrophoresis (Figure 2B).

Amplicons were successfully ligated Amplicons were successfully ligated 
into cloning vector pTZ57R/T, OMP25-into cloning vector pTZ57R/T, OMP25-
BLS then was subcloned into pET-32a(+) BLS then was subcloned into pET-32a(+) 
vector, and transformed into the expres-vector, and transformed into the expres-
sion competent cells. After selection of sion competent cells. After selection of 
positive colonies by using colony-PCR, positive colonies by using colony-PCR, 
the integrity of the recombinant plasmids the integrity of the recombinant plasmids 

was confirmed by restriction enzyme di-was confirmed by restriction enzyme di-
gestion (gestion (NcoI NcoI and and BamHIBamHI) (Figure 3). And ) (Figure 3). And 
the chimeric construct was sequenced by the chimeric construct was sequenced by 
means of specific primers as well as uni-means of specific primers as well as uni-
versal primers.versal primers.

  

Figure 1: The schematic picture of different steps for designing 
chimeric OMP25-BLS construct. Step I, Amplification of genes 
with proper linker primers; Step II, SOE PCR in order to amplify 
chimeric constructs; Step III, T/A cloning of chimeric PCR prod-
ucts in cloning vector pTZ57R/T; Step IV, Subcloning of OMP25-
BLS chimeric fragment in pET-32a(+)

A B
Figure 2: A: Electrophoresis of PCR products of Omp25 and BLS 
genes on agarose gel 1%; B: PCR products of OMP25-BLS construct on 
agarose gel 1%

Figure 3: The double digest of construct using NcoI 
and BamHI restriction enzymes
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Expression and Purification of the Re-Expression and Purification of the Re-
combinant Proteincombinant Protein

The expression of the recombinant con-The expression of the recombinant con-
struct was induced with 0.1, 0.2 and 0.4 struct was induced with 0.1, 0.2 and 0.4 
mM IPTG. The results of induction with mM IPTG. The results of induction with 
different concentrations of IPTG were the different concentrations of IPTG were the 
same. Further, recombinant construct was same. Further, recombinant construct was 
expressed with 0.1 mM IPTG at OD = expressed with 0.1 mM IPTG at OD = 
0.6 for 5 h at 37°C. After inducing with 0.6 for 5 h at 37°C. After inducing with 
IPTG, the expected recombinant protein IPTG, the expected recombinant protein 
band was detected on SDS-PAGE. The band was detected on SDS-PAGE. The 
recombinant protein was purified by Ni-recombinant protein was purified by Ni-
NTA affinity chromatography using de-NTA affinity chromatography using de-
naturing method. The purity and identity naturing method. The purity and identity 
of the recombinant protein were assessed of the recombinant protein were assessed 
by both the SDS-PAGE method and the by both the SDS-PAGE method and the 
western blotting assay. The lysate super-western blotting assay. The lysate super-
natant of natant of E. coliE. coli BL21 BL21 (Figure. 4A)  (Figure. 4A) and and 
the purified proteinthe purified protein (Figure 4B)  (Figure 4B) demon-demon-
strated the expected recombinant protein strated the expected recombinant protein 
with approximately 59KDa molecular with approximately 59KDa molecular 
mass on SDS-PAGE (10%). The Western mass on SDS-PAGE (10%). The Western 
blotting with anti poly-histidine-HRP an-blotting with anti poly-histidine-HRP an-

tibody revealed the specificity of the pu-tibody revealed the specificity of the pu-
rified recombinant construct as produced rified recombinant construct as produced 
in in E. coliE. coli cells and showed the function- cells and showed the function-
al expression in the prokaryotic system al expression in the prokaryotic system 
(Figure 4C).(Figure 4C).

DiscussionDiscussion
Recently many efforts have been com-Recently many efforts have been com-

mitted to find out novel immunogens in mitted to find out novel immunogens in 
BrucellaBrucella through different immune ap- through different immune ap-
proaches (1). The main consideration as proaches (1). The main consideration as 
the practical steps for introducing new the practical steps for introducing new 
vaccines is the selection and production vaccines is the selection and production 
of novel vaccine candidates (18). Major of novel vaccine candidates (18). Major 
OMPs of OMPs of BrucellaBrucella species have been de- species have been de-
fined as immunogenic and protective an-fined as immunogenic and protective an-
tigens (19). OMP25, as one of the major tigens (19). OMP25, as one of the major 
OMP of OMP of BrucellaBrucella species, is indulged in  species, is indulged in 
virulence (8). It has shown (11) that it virulence (8). It has shown (11) that it 
could inhibit TNF-α production in human could inhibit TNF-α production in human 
macrophages infected by macrophages infected by B. suisB. suis. TNF-α . TNF-α 
is an important component of the cyto-is an important component of the cyto-
toxic immune response needed for the toxic immune response needed for the 

Figure 4: A: SDS-PAGE analysis of the recombinant protein with different sampling time showing the expression after inducing by 0.1 
mM IPTG (sampling after 1, 2 and 4 hours); B: The purified protein using Ni-NTA affinity chromatography; C: The Western blotting 
profile of the recombinant protein (Thermo Scientific Pre-stained Protein Marker with 9 bands)
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BrucellaBrucella clearance from macrophages.  clearance from macrophages. 
TNF-α stimulates not only a cytokine cas-TNF-α stimulates not only a cytokine cas-
cade involving IFN-ϒ followed by stimu-cade involving IFN-ϒ followed by stimu-
lating natural killer cells for cytotoxicity, lating natural killer cells for cytotoxicity, 
but also stimulates the phagocytic activi-but also stimulates the phagocytic activi-
ty of macrophages, and induces apoptosis ty of macrophages, and induces apoptosis 
in infected macrophages (20). There are in infected macrophages (20). There are 
reports demonstrating the DNA vaccines reports demonstrating the DNA vaccines 
based on OMP25 of based on OMP25 of B. melitensisB. melitensis are pro- are pro-
tective against the virulent tective against the virulent B. melitensis B. melitensis 
challenge in mice (21). Goel and Bhat-challenge in mice (21). Goel and Bhat-
nagar (20) showed that the intradermal nagar (20) showed that the intradermal 
immunization with less amount of recom-immunization with less amount of recom-
binant OMP25 generate higher antibody binant OMP25 generate higher antibody 
titre in mice than the intraperitoneal im-titre in mice than the intraperitoneal im-
munization even with a high amount of munization even with a high amount of 
protein. BLS as another protein. BLS as another BrucellaBrucella antigen  antigen 
has been shown elaborating partial pro-has been shown elaborating partial pro-
tection against tection against B. abortusB. abortus not only as a  not only as a 
DNA vaccine (22), but also as a recombi-DNA vaccine (22), but also as a recombi-
nant protein (23). This antigen additional-nant protein (23). This antigen additional-
ly having adjuvant properties that seems ly having adjuvant properties that seems 
being an effective activator of bone mar-being an effective activator of bone mar-
row dendritic cells (24,25). BLS has also row dendritic cells (24,25). BLS has also 
been identified to be an antigen deliv-been identified to be an antigen deliv-
ery system with oral immunity property ery system with oral immunity property 
(12). Also, Velikovsky, et al. (23) showed (12). Also, Velikovsky, et al. (23) showed 
that BLS can elicit a mixed Th1-Th2 im-that BLS can elicit a mixed Th1-Th2 im-
mune response, by which the infection in mune response, by which the infection in 
mice as challenged with mice as challenged with B. abortusB. abortus 544  544 
is effectively reduced. Clausse, et al. (26) is effectively reduced. Clausse, et al. (26) 
showed that the recombinant chimeric showed that the recombinant chimeric 
BLS-OMP31 could be a useful candidate BLS-OMP31 could be a useful candidate 
for the development of a subunit vac-for the development of a subunit vac-
cine against cine against B. canisB. canis, since they elicited , since they elicited 
antigen-specific humoral and cellular re-antigen-specific humoral and cellular re-
sponses and conferred protection in the sponses and conferred protection in the 
mouse model. Also, Estein, et al. (27) and mouse model. Also, Estein, et al. (27) and 
Diaz, et al. (28) determined that the pol-Diaz, et al. (28) determined that the pol-
ymeric subcellular vaccine BLS-OMP31 ymeric subcellular vaccine BLS-OMP31 

confers protection against experimental confers protection against experimental 
challenge with challenge with B. ovisB. ovis..

In the present study, a chimeric In the present study, a chimeric 
OMP25-BLS antigen was designed and OMP25-BLS antigen was designed and 
successfully produced as a primary step successfully produced as a primary step 
in order to introduce new vaccines to mo-in order to introduce new vaccines to mo-
tivate the immune system against tivate the immune system against Bru-Bru-
cellacella infection. Due to the importance  infection. Due to the importance 
of high level production of the recombi-of high level production of the recombi-
nant protein in immunological studies, nant protein in immunological studies, 
the such constructs are cloned into pET-the such constructs are cloned into pET-
32a(+) expression vector. Based on pET-32a(+) expression vector. Based on pET-
32 Xa/LIC vector kit - Novagen protocol, 32 Xa/LIC vector kit - Novagen protocol, 
the pET-32a(+) vector is commonly being the pET-32a(+) vector is commonly being 
designed for both cloning and high-level designed for both cloning and high-level 
expression recombinant protein sequenc-expression recombinant protein sequenc-
es fused with the 109aa Trx•Tag™ thiore-es fused with the 109aa Trx•Tag™ thiore-
doxin protein. Cloning enzyme sites, in doxin protein. Cloning enzyme sites, in 
the pET series, make it possible to pro-the pET series, make it possible to pro-
duce fusion proteins that have cleavable duce fusion proteins that have cleavable 
His•Tag® and S•Tag™ sequences for de-His•Tag® and S•Tag™ sequences for de-
tection and purification. tection and purification. 

The integrity of the synthesized chi-The integrity of the synthesized chi-
meric OMP25-BLS was confirmed by se-meric OMP25-BLS was confirmed by se-
quencing. The recombinant plasmid con-quencing. The recombinant plasmid con-
struct was then transformed into struct was then transformed into E. coli E. coli 
BL21 (DE3) as the expression host con-BL21 (DE3) as the expression host con-
taining T7 RNA polymerase. Different taining T7 RNA polymerase. Different 
concentrations of IPTG were finally used concentrations of IPTG were finally used 
to induce the expression and the high ef-to induce the expression and the high ef-
ficiency of the designed construct was ficiency of the designed construct was 
demonstrated by a high level production demonstrated by a high level production 
of the OMP25-BLS.of the OMP25-BLS.

ConclusionConclusion
Brucellosis is a common zoonotic dis-Brucellosis is a common zoonotic dis-

ease that can infect domestic animals and ease that can infect domestic animals and 
unfortunately there is still no any recom-unfortunately there is still no any recom-
binant vaccine against it. So, in the present binant vaccine against it. So, in the present 
study, we could introduce a novel chimer-study, we could introduce a novel chimer-
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ic OMP25-BLS antigen to introduce new ic OMP25-BLS antigen to introduce new 
subunit vaccines for stimulating the im-subunit vaccines for stimulating the im-
mune system against mune system against BrucellaBrucella infection.  infection. 
Also, based on confidence for validity, Also, based on confidence for validity, 
we have already initiated the evaluation we have already initiated the evaluation 
of humoral and cellular immune respons-of humoral and cellular immune respons-
es of such constructs against es of such constructs against Brucella Brucella 
melitensismelitensis infection in our laboratory. infection in our laboratory.
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